In an earlier paper (1) it was reported that etiolated barley seedlings when exposed to visible radiation suffer a large decrease in catalase activity and a simultaneous increase in chlorophyll. Eyster (4) found that dark-grown genetic albino corn seedlings, completely devoid of chlorophyll, also suffer a loss in catalase activity when illuminated. There are several earlier studies such as Knott (7) that report the effects of light on the catalase activity of growing plants. In all these studies light of the whole visible spectrum was used. Since it is apparent that the decrease in catalase involves a photochemical reaction, it is reasonable to assume that certain regions of the spectrum may be more effective than others. We initially planned to determine the action spectrum for this process, but difficulties involved in obtaining light of relatively narrow spectral bands of sufficient intensity forced use to confine our studies for the present to red and blue. This paper reports the results of these studies.
MATERIALS AND METHODS
Barley, variety Atlas, was used in most of the experiments described in this paper. The seeds were soaked overnight, placed on stainless steel screens fitted into 400-ml beakers (fig 1) , and kept in a saturated atmosphere in a dark room. Within six days the seedlings had attained a height of 4 to 6 cm; two lots were now removed from the dark chamber and placed in special chambers irradiated with red and blue light respectively. A descriptive sketch of the light chamber is given in figure 2 . The sources of radiant energy were fluorescent tubes GE F14T12. The characteristics as given by the manufacturer are as follows: the red tubes do not emit any light shorter than 6000 A and have a maximum emission at 6600 A. The blue tubes have a maximum at 4400 A and extend partially into the green to the region of about 5000 A.
Measurements were made of the irradiance as well as the total energy of the fluorescent tubes. In the center of the chamber eighteen red tubes gave a total irradiance of 180 fc and a total energy of 0.0308 cal/cm2 x min (2.15 x 104 ergs/cm2 x sec). Since 18 tubes are the maximum number that our chamber can accommodate, it was necessary to adjust the blue to the same total radiant energy by using a smaller number of tubes and/or colored glass filters. The temperature in the chambers was generally maintained at 24 ± 1°C unless otherwise stated.
After the plants were placed in the light chambers samples were periodically taken by cutting off the upper 2/3 of the first leaf blades. Weighed portions of these samples were used for determinations of dry weight, nitrogen, chlorophyll, and catalase. The methods used in these determinations are described ' Catalase activity is high, initially, in the etiolated seedlings, and, as has been shown earlier (1) The surprisingly high catalase activity of the red grown plants and the low value to which catalase drops in the blue grown plants prompted us to investigate whether these quantitative relationships could be reversed. An experiment was set up, therefore, to investigate this possibility.
Two lots of 5-day-old etiolated barley seedlings were placed in the chambers under the red and the blue light respectively. A third lot was continued in the dark. After four days several beakers of red irradiated plants were placed in the dark and several in blue light. Also, plants which had been irradiated for four days in the blue chamber were likewise placed in red and in darkness respectively. The results of this experiment are shown in figure 5 . It is apparent from the figure that the effect of light quality on catalase activity is rapidly reversible. (5) . It is also known that accumulation of ascorbic acid in seedlings is affected by light (11) . It was thought desirable to determine whether there are differences in ascorbic acid in red and blue irradiated seedlings. Ascorbic acid (AA) was determined by the method of Ramsey and Colichman (10) . The ascorbic plus the dehydroascorbic acid was determined by the The method we used for both chloroplast preparation and measurement of their capacity for photoreduction was essentially that of Spikes (13 Barley seedlings were grown in the dark room as previously described. Four to six days after planting, between 50 and 100 coleoptiles were detached from the seedlings in the dark and placed in light-proof aluminum weighing cans, quickly weighed and transferred to Petri dishes on moist filter paper. The coleoptiles, in the covered dishes, were placed in the red and blue light chambers or in darkness for predetermined periods of time. The coleoptiles from each dish were homogenized and the various determinations made on the homogenate. In a number of experiments the intact seedlings were irradiated and the coleoptiles detached after the period of irradiation. These are referred to in table IV as "attached." It is apparent from the results that catalase activity in the In view of these observations, we set up an experiment on pea seedlings. Alaska peas were soaked for 4 hours, then planted in moist vermiculite in 400-ml beakers. The seedlings were left to grow in complete darkness for four days. By this time they were 5 to 6 cm high. Part of them were now removed from the dark room and placed in the red and blue chambers. After 2 days of irradiation the seedlings were cut at the surface of the vermiculite and subjected to the regular analyses for catalase and nitrogen. Subsequently other samples were taken after 4 days' irradiation. The results given in table VI indicate some striking differences from the barley seedlings. The catalase activity and the total nitrogen in the dark grown seedlings are very much lower than in either the red or the blue irradiated seedlings. Also the catalase activity differences between plants grown in red and blue are much smaller and appear to be decreasing with continued irradiation and age. Actually the leaves of the young plants exposed to blue light have a higher catalase activity than those exposed to red. It seems evident that the catalase picture in pea epicotyls is more complex and subject to more rapid changes than that of barley. The whole subject of catalase in legumes shows promise of an interesting study. DISCUSSION From the experimental results presented it is clear that the loss of catalase activity in etiolated barley seedlings, when exposed to visible light, is due to the light of the blue end of the spectrum. Also this decrease in activity may be rapidly restored by irradia-547 tion with light of the red end of the spectrum. Neither the reduction of activity by blue light nor the restoration, or actual increase, in activity by red light takes place in the tissue homogenate. This indicates that grinding the tissue produces changes either in the receptor pigment or in the thermal components of the system. At present no attempt has been made to identify the receptor pigment. It certainly is not chlorophyll, since non-chlorophyllous tissues such as barley coleoptiles and Prototheca zopfii (author's unpublished work) are equally affected. It may possibly be catalase or some other heme compound. We do not think it likely that leaves of leguminous plants have a different receptor pigment than the other plants studied. Their different reaction to red and blue light we are inclined to ascribe to the thermal rather than the photochemical phase of the reaction.
The other effects of red and blue light, such as the effect on the Hill reaction, indicate that other enzymes may also be changed by light from these regions of the spectrum. This presents an interesting experimental approach to other plant physiological problems.
The initial drop in catalase on irradiation of etiolated barley seedlings with light of any part of the spectrum, we think, is significant. The Mitochondria prepared from broccoli buds by the usual procedure, using 0.5 M sucrose as the homogenizing medium, showed poor activity. The rate of oxidation of succinate rapidly declined with time and there was virtually no oxidation of a-ketoglutarate. Several workers, with both plant (10, 16) and animal (3, 14) material, reported that disodium EDTA (disodium ethylene-diamine tetra-acetic acid) added to the preparative medium activated and stabilized mitochondrial oxidations. This type of activation was obtained with mitochondria from broccoli buds. The object of the present study was to determine the effectiveness of EDTA on broccoli mitochondria and to obtain clues as to the mechanism of activation.
MATERIALS AND METHODS With some modifications the method outlined by Laties (9) was used to prepare the mitochondria. In the preparative procedures all manipulations were carried out at 0°C. The broccoli buds were cut off the flower stalks and 12 gm were ground in a mortar with 20 gm of fine acid-washed sand and 25 ml of either 0.5M sucrose or 0.5M sucrose containing 0.01 MI EDTA. Additional 10-ml portions of preparative medium were added to aid in homogenizing the tissue. Finally the homogenate was diluted with the same medium to make a total volume of 90 ml containing the 12 gm of tissue.
The resulting homogenate was squeezed through four layers of cheesecloth and the filtrate centrifuged at 1000 x g for 5 minutes to precipitate pollen grains, unbroken cells, nuclei, cell debris and sand. The supernatant was then centrifuged at 17,000 x g for 15 minutes. The second precipitate, which yielded the mitochondrial pellet, is described as "once washed".
A "twice washed" preparation was one in which the pellet was resuspended in 20 ml of 0.5 MI sucrose and 1 Received June 24, 1955. homogenized in the centrifuge tube with a snug-fitting lucite pestle. The resuspended particles were spun down at 17,000 x g for 15 minutes. This procedure was repeated once more to give a "thrice washed" preparation. After all washes the final mitochondrial pellet was suspended in 4 ml of 0.5 M sucrose and homogenized with a motor-driven Teflon pestle.
The oxidative capacity of the mitochondria was determined by their ability to oxidize a-ketoglutarate 2) . The most striking effect, especially with suceinate, was the stabilization of activity for at least a 2-hour period.
EFFECT OF WASHING ON THE ACTIVATION EFFECT OF EDTA: The purpose of the washing experiments was to reveal whether the activation affected by preparation in EDTA could be reversed by removal of the EDTA. In these experiments the activity of EDTA-prepared mitochondria washed once was compared with preparations washed twice and thrice with 0.5 M sucrose. Removal of EDTA by washing did not
